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UNITED STATES PATENT OFFICE.

HENRY C. CALDWELL, OF FORT MILL

S, CORREGID®R, PHILIPPINE ISLANDS.

TRANSFORMER SYSTEM.

1,008,293,

Apillication filed September_ 9, 1910, Serial No. 531,306.

To all whom it may congernss o 0

Be it known that. 1, (l{n.\‘m' (. CALDWELL,
a citizen of the United States, and a resi-
dent of Fort. Mills, Corregidor, Philippine
Islands, have invented a new wind Improved
Transformer Svstem;. of which ‘the follow-
mg is w full, clear, and exact:description.

My livention- relates 1o transformer- sys-
tems, my. more particular purpose being to
provide such a system:in which a-peculiar

advantage is taken of the fact that time is.
required for the magnetic field sto -flow, un::
excit- |

der the influence of variations

in the
ing electric eurrent.. oo s
My invention. further

ous impravements in-the manner of connect-

ing up the various transtormer ‘units.and-in:
the distribution -of - hoth - exciting:-and ‘in-" 5 212, 3 20 _ ;
|+ 27, 98+, 49,50, 307, 31,374, 38% and 48* b

nection with such units. oo "y

" Reference is.to be had :to the-necompany-
ing drawings forming a.part of this specifi-
cation, in which similai characters: of:refer-

duced clectric currents employed: in:-con-

ence Indicate corresponding. parts ini all the: sec | ) wch [ o
Cor e maseeten i stantially'the forin of a semi-ring and beipg

figures.
Figure 1 is
former systemn complete; Fig. 2 1s a section

through the commutator mechanism which;,

in a large meusure, controls the' distribution

of both exciting and .induced: currents; Fig: -

3 15 a section. on- the line 33 of Fig. 9,
looking in the direction of the afrow; and
Fig. 41s a section.on the line 4—4 of Fig. 2,
looking in,the direction of the arrow. . -

My system is supplied with. direct cur-
rents from wires 5, 6:: At 7-(Fig:.:1) is the
commitator mechanism, - which includes a
pair of rotary sectors.8, used for rectifying

the induced currenits, .and- also a group 9 , _ cals nber of
|-smaller sectors 55,56, 57, 58, 59, 60, 61, 62,

of rotary sectovs used for distributing the
exciting currents to the transformer units
which are shown as a group at 10.-: At 11,
12, are hand switclies for controlling, with-

in certain limits, the character of the in--

duced currents.. By aid of these hand

switches the voltage of the-induced ‘currents’

may be varied at-will. At-13, is a group of
incandescent lamps to be supplied, I will
say, with direct current. A revoluble-shaft
14 is mounted in bearings 15, and is adapted
tc be turned at a.very high rate of speed.

The bearings 13 are supported upor bases.

16, 17, which rest upon a- foundation 18.
See Fig.2. A driving pulley 142 is secured
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apan lie shafe T4 Tor actuating the same.
A evlindrieal deam 19 i secured rigidly.
upon the shaft 14, and is adapted to tuem
therewith, Mounted rigidly upon the ex-
terior of this ‘drun and sunken into the
onter surface thereof ave rings 21, 29, 93, 94,
25, 26, 97, 28, 29,730, 31, 37, 38, 48, the pair
of sectors 42, 43, at 8, and also the group of
sectors 53, 54, 55, 56, 57, B8, BY, 60, 61, 62.
63, 64, at 9. Bearing upon these rings.and
slidably engaging the same, are a number of
stationary brushes, 213,292 232 24« 952, 9Gs,
27%, 2847297730, 315, 372 384, 39, 40, 48~

mounted at right angles to the axis of rota-
tion of thie driim 19 upon supports 44 and
'45, which are seciired directly to base 18,
the brushes 212, 89,740, 20¢ 933 94a; 95 2p5,

“and sector ‘groups as they.revolve with. the
drom 19, =t T ,

2 The <ectpr portion 8 coniprises two sec-
tors 42,43 (see Fig. 3), each having sub-

so positioned” as “to be
brushes 39 and 40, when revolving.  The
sector 42 15 eonneeted with ring 21 by a wire
‘42 passing’ between them' on the interior
of the drum, and the sector 43 is. connected
“with the Fing 22 by 2" wire 4
‘manner.' Filleéd in between ‘the sectors 42,
43, are portions 46 of ‘insulating material,
these portions following generally the con-
tour of - the sectors, as will be understood
from Figs. 8 and'4. = .
The sector portion 9 comprises {wo large

engaged by the

“posite each other, and ‘also a number of

63, G4. "These sectors ar¢ separated from
each other by ribs 60* of insulating mate-
rial. These sectors 53, 54, 53, 56, 57, 58, 59,
60, 61, 62,63, 64, are connected by wires 55¢,

passing on the interior of the drum 19 to
rings 98, 48, 27, 26, 25, 24, 23, 38, 37, 31, 30
-and 29, respectively.

* Conneécted with the brushes 23+, 24+, 252,

66. Connected 'similarly with the brushes
29+, 30°, 31*, 87, 38 and 48, are wires 77,
76,73, 74,73, 72. Each of the wires 66 to 77
inclusive, is connected with two branching

ing soadjustéd that they engage.the rings .

a wire 43%in the sae.

sectors 53 and 54, disposed diametrically op- .

56, 57%, 58+, 59%, 6O, 612, (2%, 63* and 6ds.

26%, 27+, 28+, are wires 171, 70, 69, 68, 67 and.

GO

49, 50. "The brushes 21° 22 etc., are .
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wires 78, 79, these wires 78, 79, together with
wires 80, being connected with transformer
units 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91,
992. These transformer nnits are practically
so many stationary transformers. For con-
venience they are mounted in an iron ring
93, and disposed centrally within this ring
is a disk 94, also of iron. The ring 93 and
the disk 94 have considerable inductance,
and on this account the transformer units
are slow to lose their magnetism, Each
transformer nnit comprises a primary wind-
ing 95 and a secondary winding 96. The
various secondary windings are connected
serially together by aid of the wires 80,
above mentioned. The various primary
windings 93 are similarly connected in se-
ries by aid of the connecting wires 78, 79.
The primary windings are so arranged that
when a cwrrent is sent through any one of
the wires 66 to 77 inclusive, this current

-divides. one half of it passing through six

primary windings and the other half of it
passing in the opposite direction through
the other six primary windings. - This ac-
tion is more fully described below. A num-
ber of wires 97, 98, 99, 100, are severally
connected with the secondary circuit at
points between the consecutive pairs of sec-
ondary windings. These wires 07, 98, 99,
100, lead to stationary contact buttons 101,
102, 103, 104. in the hand switch 11. This
hand switch is provided with an arm 105
movable by hand and adapted to engage any
one of the contact buttons just mentioned.
A wire 106 is connected with the arm 105.
and also with thie brush 21% bearing upon

.ring 21 which is connected with sector 42,

which, as above explained revolves rapidlv.
A wire 107 is similarly connected with the
brush 22%, ring 22 and sector 43, which like-
wise revolves. - _ '

The switeli 12 is provided with an arm 108
movable by hand, and also with contact but-
tong 109, 110, 111, 112. Connected with the
latter are wires 113, 114, 115, 116, which
lead to the ecircuit, being connected there-
with at points hetween consecutive pairs of
the sccondary windings, as shown at the left
of Fig, 1.

The operation of my device is as follows:
T will suppose that a divect currvent is to be
transformed so as to produce direct enrrents
of low voltage, and that the latter are to be
used- for illuminating the group 13 of in-
candescent Tamps. T will suppose, further.
that the operator wishes. within suitable
limits, to regulate the voltage of the direct
currents fromn time to time. The parts be-
ing connected as above described. and a high

. speed being given to the revoluble shaft 14,

65

by aid of the pulley 14%, the drumn 19 carry-
ing the various rings and scctors is turned
rapidly, and the sectors. of conrse. sweep
aronnd making and breaking engagement

1,008,203

with the brushes 39, 40, 49, 50, but each
ring is continually in contact with the brush
which bears upon it. It might seem at first
glance that in doing this, there might be
generated, owing to difference in proportions
of the various sectors, distinet groups of al-
ternating currents of exccedingly high fre-
quency. Since, however, the transformer

units have great inductance, they do not -

lose their magnetism with suflicient rapidity
to permit this result. Bearing this fact in
mind, T will now analyze the action which
takes place. Suppose, that, at a particular
moment during the rotation of the shaft 14,
the drum (see Fig. 1) happens for an in-
stant to be in the position indicdted in this
figzure. The sectors 53, 54, owing to their
great length, ‘are in engagement with the
brushes 49, 50, for a relatively long period
of time. The result is that the various mag-
netic parts now affected by the current have

sufficient time to build up their magnetic
The following -

fields to a maximum limit.
is a circuit- whereby this is done: wire 5,
wire 34, brush 49, sector 53 to ring 28 (see
Fig. 2) brush 28 wire 66 to transformer

mechanism 10, where the current divides,:

oc-
1

90

one-half of it passing in one direction’in

series through six of the primary windings
95, the other half of it passing through the
remaining s1x of the primary windings, the
two portions of the current now joining to-
gether and passing through the wire 72 to
brush 48, ring 48, wire 54%, sector 54, brush
50. Thence the current passes thraugh wire
34 to the wire 6 thence to power house and
back to the wire 3. Tt will be noted that
six of the primary windings are now of one
polarity and six of the opposite polarity, and
that all of the magnetic fields are of maxi-
mum strength, this being due to’ the fact
that, owing to the length of the sectors 53;
54, the current flows for a sufficient (though,
of course, infinitesimally short) period of
time. to allow the fields to thus build up.
If now at this instant the influencing cur-
rent .traversing all of the coils is suddenly
changed in its direction, the magnetism of
the iron will drop to zero and build up to
a maximum in the opposite direction. If
this change in the direction of the current
is sudden enough, it will assist the magnet-
ism in all of the units in dropping to zero.
This reversal of the current is obtained and
without breaking the circuit, by the use of
the short scctors, which remain in contact
with the brushes but a very small fraction of
the time of each halfrevolution. Asthéshaft
14 turns a little farther, the brush 49 over-
laps the insulation and engages the sector 64
before breaking contact with sector 53, the
hrush 50 meanwhile engaging the sector 59.
The shaft turns farther, brush 49 is disen-
aaged from sector 53, and brush 50 is disen-
gaged from sector 54. They are now in con-

214

106

105

110

116

120

12r

130



10

15

20

26

30

tact with sectors 64, 59. A circuit is
thus completed, in tracing which T will, for
convenience, - gmit ‘reference -to the various

mechanical details shown in Fig. 2. This’

circuit is as follows: wires 5, 84, brush 49,
sector 64, wire 77 to the transformer. unit;
here the current divides, one-half of it pass-
jag in one: direction " through six of the
primary windings, and the other half pass-
m% in'the opposite direction through the
other- six primary windings, Tt .will be
noted, however, that while the number of
primary windings thus energized is identi-
cal'with the number first energized, the corn-
ditions. have changed slightly, because in
two -of -these windings diametrically oppo-
site each other.the direction of the current

‘has changed.  The result is that two mag-

netic fields which had been built up are now
being torn down and re-built in the oppo-
site direction. The total influence of all of
the fields is therefore; for the moment, less
than at first—for, although the reversal of
the current in the two coils is helping the
magnetism to drop to zero, the magnetism
itself is generating a counter I8. M. F. in the
coils, which affects the whole circuit. The
revoluble drum turns “still farther, the
sector 83 makes contact with brush 49, and
at the same instant the sector 58 makes con-

" tact with brush 50 and the current in two
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more of the coils. is reversed. An electro-
motive force which makes an addition to
that being generated by the first reversal, is
caused to flow against the influencing cur-
rent also. - The total effect of the magnetic
field is thus impaired still more. There are
now. four. units with their magnetism chang-
ing, that of the first reversals being farther
advanced or changed than that of the sec-
ond. Next.the sector 62 makes contact with
brush 49, the sector 57 similarly making
contact with the brush 50. The sipply cur-
rent is- again shifted to another advanced
position of “the primary windings ‘and is
reversed in two more of the units, The
magnetic field changing through these coils
generates a-counter K, M. F. in'like manner.
Since the change in the first coils has not
had. time: to be completed owing to the
rapid- frequency of the reversals, they are
still generating a counter K. M. I, and each
succeeding K. M. . is an addition to that
already operating. This process is continued
until the last of the smaller sectors-—to-wit,
the two sectors numbered 60 and 55, have
been brought. into contact with the brushes
49, 50 and the field affected accordingly.
The ‘magnetism .is now changing in ten of
the units and the counter E. M. F. is almost
as strong. as the influencing current.” Next
the long sectors 54, 53; are in contact with
brushes 49, 50, and the current is reversed
in all of the units. These sectors keep the
currents impressed upon terminals of the

1,008,203

-thus generated by induction in the

8

units diametrically opposite each other, un-
til the desired magnetizing effect is secured.

‘The aggregate result is that, during each

half turn of the shaft 14, the aggregate
magnetic field of the transformer system 10,
beginning, we will say, at a maximum, is
reduced gradually to a minimam.  During
the next succeeding half turn of the shaft
14, the process above described is repeated.
The field is first built up to a maximum and
then reduced to a minimum. Bach complete
revolution of the shaft 14, therefore, means
building up the field twice at opposite po-
larities and reducing the field twice. A
consequence; the various secondary windings
96, being acted upon inductively by . the
primary-windings and by the masses of iron
in their vicinity, generate induced currents,
which are, of course, alternating in char:
acter, there being one complete cyele, (two
alternations) of ‘these currents to each turn
of the shaft 14.  With the hand switches 11,
12, arranged as-indicated, the circuit made
by the indnced currents may be traced as
follows: secondary windings 96 (which are
in- series with each other and: practically
form a Ting) wire 97, contact' button 101,
arm 105, wire 106, brush 21%, ring 21, wire
42 to sector 42, brush 39, wire 32, group 12
of lamps, wire 33, brush 40, sector 43, wire
43* to ring 22, brush 292, wire 107, switch
arm 108, button 109, wire 113;-back to the
ring of secondary windings. The currénts
ondary
windings- and following - the - cireuit- just
traced are, when generated, alternating cur-

rents. By passing throngh the stationary

broshes 21%, 298, 39, 40, and rotating rectify-

g sectors 42, 43, however, these currents

are duly rectified and pass ag direct eurrents
through the lamps 13.

The action of ‘the secondary cirenit, as a
whole, may perhaps be better understood hy
bearing in wmind that while the primary
windings ‘and the secondary windings are
stationary, yet the magnetie field set up by
aid of the primary windings'is not fixed but
alternating; also that this field gradually

‘waxes and wafies inits strength which never
s becomes #él;and that during one complete
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cycle of this alternating field the strength .-

of the Iatter is twice carried to a maximuym
and twice reduced to a minimum, the change

1n strength being not abrupt but gradual,

owing to the fact that the feld, becanse .of
the quantity of iron associated with it pos-
sesses a lagging effect, and does not change
in value instantancously, as an electric. cur-
rent does. Such being the case, it follows
that in the secondary cirewit there are in-
dnced alternating currents of one complete
cycle to every two reversals of the field, and

120
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that these alternating currents may have

| the approximate form usually represented

by fewer sine waves. By disconnecting the
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wires 106, 107, from the rectifying commu-
tutor mechanism. these wires may be used
for supplying alternating current.  Since the
magnetic field varies. as above described.
and since in so doing, it affects all points
alike, it follows that each of the secondary
coils have induced in them a like voltage
and tha’ any of the eoils joined together
makes an addition of the voltages. Thus by
connecting various wires at different points
in the circle made up of secondary windings
these respective wires may be energized by
currents of different voltages,  Moreover,
by aid of the hand switches, any two of the
wires just mentioned uwmy Dbe virtually
brought together, so as to select from dif-

ferent portions of the ring of secondary:

windings currents of any desired voltage.
This-is why Temploy the hand switches 1.
12 and the wires associated with thent. By
moving_the switeh arms 105, 108 to different
buttons, the voltage of the induced eurrents
may be varied within suitable limits
Indeed, the voltage may at will be gradu-
ated practieally from zevo to a naximum.
With-the switehes 11, 12, arranged ax indi-
aited in Fig. 1, the voltage is at a minimum,

With the switeh arm 105 moved over to the !

contaet button 104 and the switch arm 108
in contact with the button 112, the induced
currents will be at a maximum,  This is
beeatse when a primary current flows, Twill
sav. through the wire 66 and divides so that
one-half of it passes down through the pri-
mary windings at the right of the trans-
fornier mechanisni, and the other hialf passes
down throtigh the windings at the left of
the transformer mechanism. one-half of the
secondary windings at the right of the
fransfornier mechanism neutradize the work
of the other half of the secondary windings
al the right of this mechanism. and a similar
statement is true of (he secondary windings
at the loft of the transformer mechanisn.
Ience, with the switeh arms 105, 108 in
the positions indieated, there is o neatrali-
zation of the current in one secondary wind-
ing by a enrrent in another seeondary wind-
ng. )

Ii following the action of the system as
above deseribed, it is necessary to bear con-
stantly in mind. that wheie large masses of
iron are in close proximity to magnels, so s
to affect the magnetie flicld, a pereeptible
moment of Gime is required to reverse the

polarity of the field. or of any distinet por- .
tion {hereof, and a <Gl longer period of }

e is vequired to reverse this polarity and

“alter s reversal Dring 10 up (o a maximun.

T should also be borne in mind that the
speed given to the machine way. within
proper limits, have quite an effect upon the
charneter and strenoth of the currents pro-
(e, 10 shonld further Le borne in wind
that (he piroportions of the varions parts

1,008,203

should be selected with a view to carrying
out the foregoing result. If, however, the
-arious parts ave properly proportioned and
a high speed selected suitable for these pro-
portions, and the revoluble shaft is turned
at a constant rate of speed, the system can
not only be used as described. but may be
employed for a variety of distinet purposes.

The principle of the invention may per-
haps be understood more readily by bearing
in mind that for every half revolution of
the drum the magnetizing current has been
reversed instantaneously 1n all of the pri-
mary windings, and the pressure is then
kept upon definite terminals until the slow
changing magnetism in the iron reaches full
strength. when the magnetizing current is
again reversed by the next half vevolution:
the net result heing that a divect curvent is
made to alternate 1n a system of transform-
ers as an alternating current would, -the
magnetism thereby generated, inducing cur-
rents in secondary windings, as above ex-
plamed. ,

While for convenience I show the trans-
former units as arranged in a civele, this is
a mafter of no eonsequence, as obviously,
heing stationary they may be arranged in
any desived relative position.

The apparatus may be used in practice
for raising or lowering the potential of a
given cnrrent, or to change direct current
into alternating current. It may be of serv-
ice for tran=mission ¢f power over great dis-
{ances, charging storage batteries, and alse
in electro-plating, electric wwelding, thera-
peutics, X-ray work. and wireless teleg-
raphy. In general, it is desivable to supply
the apparatus with direct currents of high
potential.

Iaving thus deseribed my invention, I
elaim as new and desire to secure by d.et-
ters Patent:

1. In a trausformer system, the combi-
nation of-a number of transformer nnits,
means for shifting cuvrents from one of said
units to another for the purpose of building
up magnetic fields associated vith said anits,
mechanism for vavving the strength of said
currents thus shifted, thereby producing va-
pialions in said magnetie fields, a plurality
of independent  connections  to  different
transformer units for the purpose of draw-
ing ofl inducéed enrrents of different “volt-
ages, and means controllable at will for se-
leetively conneeting different pairs of said
conneclions in order to draw thevefrom said
eurtents of different voliages,

9. In a transformer system, the combina-
tion of a pluratity of transformer units. cach
having a secondary winding and a primary
winding. n souree of electricity for supply-
ing cnrrents to said primary windings, con-
nections for dividing said currents so as to
pass one half thereof through some of said
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primary windings, and the other half In testimony whereof I have signed my
through others of said primary windings, 1 name to this specification in the presence of
and means for shifting the point of appli- | two subseribing witnesses. .

cation of said currents thus divided so as HENRY C. CALDWELL.

; to produce an alternating field, and a sec- | ‘ '
ondary circuit acted upon inductively by

Witnesses:®
Mugrray. B. Diiey,
Axorew J. LAWRENCE.

sald ﬁeld: »




